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Phosphate Coatings 



PHOSPHATE COATING is the treatment of 
iron, steel, galvanized steel, or aluminum with a 
dilute solution of phosphoric acid and other 
chemicals in which the surface of the metal, re- 
acting chemically with the phosphoric acid me- 
dia, is converted to an integral, mildly protective 
layer of insoluble crystalline phosphate. The 
weight and crystalline structure of the coating 
and the extent of penetration of the coating into 
the base metal can be controlled by: 

• Method of cleaning before treatment 

• Use of activating rinses containing titanium 
and other metals or compounds 

• Method of applying the solution 

• Temperature, concentration, and duration of 
treatment 

• Modification of the chemical composition of 
phosphating solution 

The method of applying phosphate coatings is 
usually determined by the size and shape of the 
article to be coated. Small items, such as nuts, 
bolts, screws, and stampings, are coated in tum- 
bling barrels immersed in phosphating solution. 
Large fabricated articles, such as refrigerator 
cabinets, are spray coated with solution while on 
conveyors. Automobile bodies are sprayed with 
or immersed in phosphating solution. Steel sheet 
and strip can be passed continuously through the 
phosphating solution or can be sprayed. 

Phosphate coatings range in thickness from 
less than 3 to 50 urn (0.1 to 2 mil). Coating 
weight (grams per square meter of coated 
area), rather than coating thickness, has been 
adopted as the basis for expressing the amount 
of coating deposited. 



Phosphate Coatings 

Three principal types of phosphate coatings are 
in general use: zinc, iron, and manganese. A 
fourth type, lead phosphate, more recently intro- 
duced, is operated at ambient temperatures. 

Zinc phosphate coatings encompass a wide 
range of weights and crystal characteristics, ranging 
from heavy films with coarse crystals to ultrathin 
microcrystalline deposits. Zinc phosphate coatings 
vary from light to dark gray in color. Coatings are 
darker as the carbon content of the underlying steel 
increases, as the ferrous content of the coating in- 
creases, as heavy metal ions are incorporated into 
the phosphating solution, or as the substrate metal is 



acid pickled prior to phosphating. Zinc phosphating 
solutions containing active oxidizers usually pro- 
duce lighter-colored coatings than do solutions us- 
ing milder accelerators. 

Zinc phosphate coatings can be applied by 
spray, immersion, or a combination of the two. 
Coatings can be used for any of the following appli- 
cations of phosphating: base for paint or oil; aid to 
cold forming, tube drawing, and wire drawing; in- 
creasing wear resistance; or rustproofing. Spray 
coatings on steel surfaces range in weight from 1 .08 
to 10.8 g/m 2 (3.5 x lfr 3 to 3.5 x 10" 2 oz/ft 2 ); 
immersion coatings, from 1.61 to 43.0 g/m 2 (5.28 x 
10" 3 to 0.141 oz/ft 2 ). 

Iron phosphate coatings were the first to be 
used commercially. Early iron phosphating solu- 
tions consisted of ferrous phosphate/phosphoric 
acid used at temperatures near boiling and produced 
dark gray coatings with coarse crystals. The term 
iron phosphate coatings refers to coatings resulting 
from alkali-metal phosphate solutions operated at 
pH in the range of 4.0 to 5.0, which produce exceed- 
ingly fine crystals. The solutions produce an amor- 
phous coating consisting primarily of iron oxides 
and having an interference color range of iridescent 
blue to reddish-blue color. 

A typical formulation for an iron phosphate 
bath is (Ref 1): 



Component Composition, % 

Phosphate salts 12-15 

Phosphoric acid 3-4 

Molybdate accelerator 0.25-0.50 

Detergents taraonic/noraoruc) 8-10 



Basically, then, iron phosphate formulations consist 
of primary phosphate salts and accelerators dis- 
solved in a phosphoric acid solution. It is the acid 
that initiates the formation of a coating on a metal 
surface. When acid attacks the metal and begins to 
be consumed, solution pH at the metal surface rises 
slightly. This is what causes the primary phosphate 
salts to drop out of solution and react with the metal 
surface, forming a crystalline coating. 

All iron phosphate conversion coatings are 
composed of partially neutralized phosphoric 
acid. But all iron phosphates are not created 
equal. Other ingredients, such as the specific ac- 
celerator used (Table 1), hold part of the key. 

Although iron phosphate coatings are applied 
to steel to provide a receptive surface for the 
bonding of fabric, wood, and other materials, 



their chief application is as a base for subsequent 
films of paint. Processes that produce iron phos- 
phate coatings are also available for treatment of 
galvanized and aluminum surfaces. Iron phos- 
phate coatings have excellent adherence and pro- 
vide good resistance to flaking from impact or 
flexing when painted. Corrosion resistance, 
either through film or scribe undercut, is usually 
less than that attained with zinc phosphate. How- 
ever, a good iron phosphate coating often outper- 
forms a poor zinc phosphate coating. 

Spray application of iron phosphate coatings is 
most frequently used, although immersion appli- 
cation also is practical. The accepted range of 
coating weights is 0.21 to 0.86 g/m 2 (6.9 x 1CH 
to 0.26 oz/ft 2 ). Little benefit is derived from ex- 
ceeding this range, and coatings of less than 0.21 
g/m 2 (6.9 x 10" 4 oz/ft 2 ) are likely to be nonuni- 
form or discontinuous. Quality iron phosphate 
coatings are routinely deposited at temperatures 
from 25 to 65 °C (80 to 150 °F) by either spray or 
immersion methods. 

Manganese phosphate coatings are applied 
to ferrous parts (bearings, gears, and internal com- 
bustion engine parts, for example) for break-in and 
to prevent galling. These coatings are usually dark 
gray. However, because almost all manganese phos- 
phate coatings are used as an oil base and the oil 
intensifies the coloring, manganese phosphate coat- 
ings are usually black in appearance. In some in- 
stances, a calcium-modified zinc phosphate coating 
can be substituted for manganese phosphate to im- 
part break-in and antigalling properties. 

Manganese phosphate coatings are applied 
only by immersion, requiring times ranging from 
5 to 30 min. Coating weights normally vary from 
5.4 to 32.3 g/m 2 (1.8 x 10~ 2 to 9.83 oz/ft 2 ), but 
can be greater if required. The manganese phos- 
phate coating usually preferred is tight and fine- 
Table 1 Effect of accelerators on the weight 
of an iron phosphate coating 

Coating weight 

Accelerator Surface treated g/m* oz/ft* xUH 

Steelonly 0.11-0.27 0.35-0.88 

Metallic Mixed metal 0.22-0.38 0.71-1.24 
loads, ferrous, 

Oxidizer High-quality 0.43-0.86 1.41-2.82 
steel only 

Source: Ref 2 



Table 2 Accelerators used in phosphate coating processes 



Phosphate Coatings / 379 



g/L lb/gal x 10-3 



HighN0 3 :P04" 
N02:NO=l:l 



Nitroguanidine Nitroguanidine 



(a) Low temperature. Source: Ref 3 



Lower sludge. 

Affords rapid processing even 



Neither the accelerator nor its 



Reduction of FeP0 4 increases the iron 

content of the coating. 
Corrosive fumes. Highly unstable at 
th temperatures. Frequent 



additic 



Corrosive nature of chlorate and its 
reduction products. High 
concentrations poison the bath. 
Removal of gelatinous precipitate 
from the resultant phosphate coatings 



Heavy 



Bath control tends to beer 
sludge formation. Limited stabili 
Continuous addition is required. 

Continuous addition is required. 
Voluminous sludge. 

Slightly soluble. Does not control th 
buildup of ferrous iron in the bath. 
Highly expensive. 



grain, rather than loose and coarse-grain. How- 
ever, desired crystal size varies with service re- 
quirements. In many instances, the crystal is re- 
fined as the result of some pretreatment (certain 
types of cleaners and/or conditioning agents 
based on manganese phosphate) of the metal sur- 
face. 

Manganese-iron phosphate coatings are usu- 
ally formed from high-temperature baths from 90 
to 95 °C(190 to 200 °F). 



Composition of Phosphate Coating 

All phosphate coatings are produced by the 
same type of chemical reaction: the acid bath, 
containing the coating chemicals, reacts with the 
metal to be coated, and at the interface, a thin film 
of solution is neutralized because of its attack on 
the metal. In the neutralized solution, solubility of 
the metal phosphates is reduced, and they precipi- 
tate from the solution as crystals. Crystals are 
then attracted to the surface of the metal by the 
normal electrostatic potential within the metal, 
and they are deposited on the cathodic sites. 

When an acid phosphate reacts with steel, two 
types of iron phosphate are produced: a primary 
phosphate, which enters the coating; and a secon- 
dary phosphate, which enters the solution as a 
soluble iron compound. If this secondary ferrous 
phosphate were oxidized to a ferric phosphate, it 
would no longer be soluble and would precipitate 
from the bath. Oxidizing agents are incorporated 
to remove the soluble secondary ferrous phos- 
phate because the ferrous phosphate inhibits 
coating formation. 

Although all phosphating baths are acid in na- 
ture and to some extent attack the metal being 
coated, hydrogen embrittlement seldom occurs as 
a result of phosphating. This is primarily because 
all phosphating baths contain depolarizers or oxi- 
dizers that react with the hydrogen as it is formed 



and render it harmless to the metal. In some 
instances, however, zinc-phosphate processes, 
intended for use with rust-inhibiting oils for cor- 
rosion resistance or manganese-phosphate treat- 
ments, can cause hydrogen embrittlement be- 
cause they may contain a minimum amount of 
depolarizers and oxidizers. A dwell time before 
use or mild heating may be needed to relieve 
embrittlement. 

The acidity of phosphating baths vanes, de- 
pending on the type of phosphating compound 
and its method of application. Immersion zinc 
phosphating baths operate in a pH range of 1 .4 to 
2.4, whereas spray zinc phosphating solutions 
can operate at a pH as high as 3.4, depending on 
the bath temperature. Iron phosphating baths usu- 
ally operate at a pH of 3.8 to 5. Manganese 
phosphating baths operate in a pH range compa- 
rable to that of the immersion zinc phosphating 
solutions. Lead-phosphate solutions are usually 
more acidic than any of the others. 

Zinc, iron, and manganese phosphating baths 
usually contain an accelerator, which can range 
from a mild oxidant, such as nitrate, to one of the 
more vigorous nitrite, chlorate, peroxide, or or- 
ganic sulfonic acids (Table 2). The purposes of 
these accelerators are to speed up the rate of 
coating, to oxidize ferrous iron, and to reduce 
crystal size. This is accomplished because of the 
ability of the accelerators to oxidize the hydrogen 
from the surface of the metal being coated. Phos- 
phating solution can then contact the metal con- 
tinuously, permitting completeness of reaction 
and uniformity of coverage. Accelerators have an 
oxidizing effect on the dissolved iron in the bath, 
thus ."extending the useful life of the solution. 
Some zinc and iron phosphating processes rely 
on oxygen from the air as the accelerator. Zinc 
phosphating baths for aluminum usually contain 
complex or free fluorides to accelerate coating 
formation and to block the coating-inhibiting ef- 
fect of soluble aluminum. 



Applications 

On the basis of pounds of chemicals consumed 
or tons of steel treated, the greatest use of phos- 
phate coatings is as a base for paint. Phosphate 
coatings are also used to provide: 

• A base for oil or other rust-preventive material 

• Lubricity and resistance to wear, galling, or 
scoring of parts moving in contact, with or 
without oil 

• A surface that facilitates cold forming 

• Temporary or short-time resistance to mild 
corrosion 

• A base for adhesives in plastic-metal lamina- 
tions or rubber-to-metal applications 



Phosphate Coatings as a Base for Paint 

The useful life of any painted metal article 
depends mainly on the durability of the organic 
coating itself and the adherence of the film to the 
surface on which it is applied. The primary func- 
tion of any protective coating of paint is to pre- 
vent corrosion of the base metal in the environ- 
ment in which it is used. To accomplish this 
purpose, the method of preparing the metal 
should reduce the activity of the metal surface, so 
that underfilm corrosion is prevented at the inter- 
face between paint and metal. 

When used as a base for paint films, phosphate 
coatings promote good paint adhesion, increase 
the resistance of the films to humidity and water 
soaking, and substantially retard the spread of 
any corrosion that may occur. A phosphate coat- 
ing retards the amount of corrosion creep, be- 
cause the coating is a dielectric film that insulates 
the active anode and cathode centers existing 
over the entire surface of the base metal. By 
insulating these areas, corrosion of the surface is 
arrested or at least substantially retarded. 
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primary manganous P^phf • P£ ^d to the bath, it being 

as "Parkerizing, the phosphate to the form of 

claimed that oxidation of at ^JT^ ^ ed for treatment was 
ferric phosphate was essential The ^ £ ag „ Coslet _ 

usually from 3 to 4 hours. While the ^Coslett p ^ gteel 

tiz ing" was rather widely ^ t h e origmal Parkerizing 

parts of bicycles and other a f^^^L aB&Bi finishing industry, 
process was suited to the needs of tbe rapid^ expa B of man . 

The Parker process ^^^^JZ^m. ™* ^ ^ 
ganese dihydrogen P hos P ha f + f °ViT Somewhat later a further reduc- 
ible a reduction in *™ °J^^£ Twls effected by. incorporating 
tion in processing time to about W mm^ permitted the use 

a small percentage of a coppei ^salt ^ ^ * £ 5 The increasing 
of the process in a conveyonzed or me ^*J Med in the name 
use of phosphate coatings as a base for P al *™ improvements 
"bonderizing," given to ^ ^^^J^^l^oo. 
have been in the direction of time r duct on and P y W ^ ^ 
Phosphate coatings <^ ^ t J^^ ^tion. Altiuiugh the 
treated or of metal ions added to the P hos P hat g pr0 prietary and 
detailed compositions of Phosphate bath a - j-gey P P 

promoted by elevated temperature and aetata. 

3Zn<H ! ,PO,>,sZn,(PO.) I + 4H.PO, <H 

Th e bath is so balanced that tbe tertiary salt — ic St 

on cathodic areas. 



Fe 



2H 3 PO,^Pe (H 2 P04) 2 + 2H 
2H->H 2 

Fe (H 2 P0 4 ) 2 -FeHP0 4 + H 3 P0 4 



reaction is illustrated by: 

Fe + 3Za (aPOJ.-*. (PO.) I + FeHPO. + 3H.PO, + H, (5) 
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The crystalline layer formed is largely the insoluble tertiary zinc phos- 
phate, together with a small amount of secondary iron phosphate. Recent 
evidence indicates that some iron from the solution becomes an integral 
part of the coating during the process. 7 The proportion of iron to zinc is 
dependent on the method of application, solution composition, tempera- 
ture, and time of processing. 

The solution composition is critical in that too much free acid results 
only in pickling of the steel surface* while too little promotes sludge 
formation. This second effect becomes increasingly troublesome as the 
concentration of ferrous ions in the bath builds up with time. Although 
it is felt that some iron phosphate is beneficial to the adherence and 
protective qualities of the coating, excessive amounts are detrimental to 
corrosion resistance. 

A second ■ salt frequently used in phosphating baths is manganese 
phosphate. The reactions are analogous to those for zinc except that the 
initial reaction (Eq. 1) yields the secondary as well as tertiary salt. 

The coating reaction illustrated above is an extremely slow one, owing 
largely to cathodic polarization. Accelerating agents are therefore added 
to the bath to reduce treatment time. Oxidizing agents, such as nitrates, 
nitrites, or clorates, behave as depolarizers in oxidizing the hydrogen 
formed (Eq. 3) . Other accelerators for increasing the reaction rate include 
copper salts, organic compounds such as nitrobenzene, bases such as 
aniline, toluidene, pyridene, and quinoline. Provided the conditions are 
so controlled that a fine grain size is obtained, there is no appreciable 
sacrifice in protective value associated with the use of accelerators. 
Through the use of accelerators, reaction times have been reduced to less 
than a minute for paint-base coatings. It has thus become possible to 
apply phosphate coatings by spray techniques as one step in the con- 
veyor production of large items such as automobile bodies, fenders, etc. 
The chart in Figure 16-1 summarizes the phosphate treatments in current 
use together with the basis metals treated and methods and purposes of 
application. 

As in any coating process, the success of the operation depends on 
proper preparatory surface treatment. Mechanical surface cleaning, such 
as emery treatment, or blasting with sand, grit, or shot, is employed to 
remove scale and rust. Degreasing is accomplished with trichlorethylene 
or in an alkaline bath. Phosphate coatings are particularly sensitive to 

7 Eisler, S. L., and Chamberlain, P. G., Metal Finishing, 50, No. 6, 113 (1952). 

* Phosphoric acid cleaning, as distinguished from a true phosphating treatment, 
.employs a high-acid bath primarily to remove surface dirt and grease, leaving a 
slight surface etch to promote mechanical bonding with paint, together with a very 
thin phosphate residue. To insure proper cleaning, the acid concentration must be 
so high that a substantial crystalline phosphate film cannot be developed. 
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creasing grain size. In general, refinement of the crystalline structure is 
obtained with increasing temperature. By using suitable addition agents, 
the temperature can be reduced with no adverse effect on gram size. 
Crystal structure is also affected by physical treatment of the surface 
prior to phosphating. The "wiping" effect, whereby the surface is mechan- 
ically wiped prior to treatment, results in refined crystal structure and 
improved corrosion resistance. This same effect can be approached 
chemically in a solution containing 1 per cent sodium phosphate and 
0.01 per cent titanium as the anhydrous phosphate salt. 9 The work is 
predipped in this solution; then, without rinsing, into the phospate bath. 
This treatment is applied to both iron and zinc, but primarily to the 
latter. , , 

Applying phosphate films to ferrous surfaces is an accepted method 
of reducing wear and galling on mating parts. 10 Properly lubricated, the 
coating provides myriads of oil reservoirs, effective in reducing friction. 
Furthermore, the coating is deformed slightly under pressure, thus reduc- 
ing maximum applied stress. Heavy phosphate films for this purpose are 
ordinarily formed from "slow" baths of zinc or manganese phosphate at 
a temperature between 90 and 100°C (200-210°F) Reaction times 
range from 10 to 60 minutes, to produce films of 1000 to 4000 rag per 
sq ft. There is little dimensional change associated with these coatings: 
it normally is of the order of 0.005 mm (0.0002 inch) for a heavy 
coating. Of the many applications of this type, many are found in the 
automotive industry. Piston rings, rocker arms, camshafts, valyes, tap- 
pets, and cylinder liners are frequently phosphated to increase life. 

The use of zinc phosphate- coatings to reduce friction in wire, tube, 
and deep drawing applications was suggested about twenty years ago, but 
was not commercially developed until the recent war. Coatings of 150 to 
3000 mg per sq/ft are used, the thicker coatings being specified where 
deformation is light or moderate. For severe forming operations the 
thickness is limited to preclude injury to the coating. Lubricated coatings 
of this nature, by markedly reducing friction, reduce wear on dies, permit 
faster forming operations, and conserve power. 12 No adverse effects on 
physical properties result from phosphating. Hardness, tensile strength, 
and temper are unimpaired. 

Although the foregoing friction-reducing uses of phosphate coatings 
are commercially important, the phosphating treatment is known and 

» Reeves, M., Metal Ind. (London), "78, 7, (1951). 

9 Jernstedt, G., Trans. Electrochem. Soc, 83, 361 (1943). 

10 Roosa, M. B., Lubrication Eng., 6, 117 (1950). 

« Ayres, R. F., Materials & Methods, 34, No. 4, 100 (1951). 
"Holden, H. A., Sheet Metal Ind., 26, 123, (1949). 
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use d « as a paint for — -o ^ — ^ 

porous nature of the film mois ture which pene- 

enamel, or lacquer; the phosphate ayer I events ^ 

trates the paint film from ^achmg the bas, ^ai ^ 

of corrosion beneath the pamt ^^It t^er^es ranging from 

Z inc or manganese phosphate ^mns at^ P y ^ 

room temperature to 210 1. irearanen Thg 

seconds to 5 minutes. Co^s range from lOOto^JJ* 

risk of corrosion from ph ^^^ate-phoaphorio acid 

varies with the type of solution. P ^ ^ containing aC cel- 

types are not particularly ^^^^^ in a chromate 

erating agents can be quite harmful ^n alter ^ 

action of the rinsmg bath. insoluble in most service environ- 

Table 16-1." 

Untreated (mg/cm») Phosphated Cmg/on') 

TSSt 34 08 S" 22 

744 hours in salt fog 2f y 39 1.60 

1 year rural exposure 

The e*nt to which phosphate coatings aid if the retention of paint on 

coatings also tend to stifle ^^J^J^t^a^ 
illustrated the protection provided (1 , 
enamel applied over steel -^SSfi. J») ™ th 

eta floe, 91, 351 (1947). "Phosphate Coatings," Reprinted with 

John Wiley & Sons, Inc., 1948. 
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two surfaces, the phosphate coating improved paint protection and re- 
tarded underfilm attack. 15 

The affinity of phosphate coatings for oil and wax is exploited in rust- 
proofing many articles. The adhesion and abrasion resistance of the coat-, 
ing is such that threaded articles, such as nuts, bolts, and screws, can be 

Table 16-2. Retention of Paint by Untreated and Phosphate-Coated Steel 

Increase in Retention 
Primer Wt. Retained Over Untreated Steel 

(oz/ft 2 ) (%) 

Steel untreated 0.139 — 
Steel-phosphate coated 

Roller application 0.177 
Steel-phosphate coated 

By spray 0500 43.9 
Steel-phosphate coated 

By immersion dipping 0542 74.U 

so treated. During World Wars I and II small arms were rustproofed by 
phosphating, then treating with chromic acid and a rust-preventive oil. 
The corrosion protection obtained is indicated in Table 16-3, 16 in which 
are listed salt-spray requirements for military equipment finished in this 



Table 16-3. Salt Sprat Resistance op Phosphated Steel Before and After Oiling 

Coating Wt. Salt Spray Resistance (hours) 

Class (mg/ft*) Before After 



Besides iron and steel, other metals, notably zinc and aluminum, are 
phosphate treated on a large scale. Zinc surfaces which are painted with 
no intermediate treatment provide inadequate service due primarily to 
the reaction of zinc with the paint vehicle. Zinc soaps are formed, 
destroying the bond between the paint and the zinc. Phosphating is one 
treatment used to avoid this difficulty, and also to increase the mechani- 
cal anchorage of the paint. Cadmium is treated in the same way. The 
baths are of zinc phosphate in which the work is dipped for about 2 
minutes, forming a. film of 75 to 200 mg per sq ft. 17 Phosphating is rec- 
ommended frequently for zinc- or cadmium-plated steel that is to be 
painted. Zinc-flash bonderizing consists in applying a thin electrodeposit 
of zinc which is given a phosphating treatment, then painted. This com- 
posite coating provides a higher degree of corrosion protection to iron or 
steel than does normal phosphating and painting. The zinc thickness is 

is Gentieu, N. P., Machine Design, 24, No. 2, 141 (1952). 
« Douty, A., Plating, 38, 1031 (1951).. 
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Q llv nOOOfi to 0 0015 mm (0.000025 to 0.00006 inch) for indoor and 
%£^£Z*n* * 0.00015 ^J^S^n. 
T?nr treatine tin a special technique is available called ±>rotecta lin 

an increased resistance to corrosion and to staining by sulfur P^ucts. 

bkckS of can interiors resulting from sulfur originating m meat, fish, 
soup, and many vegetables. 

CHROMATE COATINGS 

Chromate conversion coatings were widely used during World War II 

nuJefy for protection purposes without additional finishing treatment 
Tthey may be finished with lacquer or paint to combine protection 
with Jrod'cl appearance. Their use has been extended to the protection 

^^ZnZZo^Z — Tt give rise to moisture cona- 
tion dWebps a bulky white corrosion product. This most readily occurs 
SmSTSLm conditions such as prevail in the tropics or the Gulf 
CoastwLe the daily temperature variation causes intermi tent cond- 
ition or dew formation. Storage of zinc or zinc-coated parts n unheated 
wl ehouses during periods of high humidity or the packaging of such 
r 0 ductsTn boxe made of unseasoned wood or damp paper stock has 
caused oldon of this "white bloom" type. In addition to detracting 
rom the appearance of the part, these corrosion products can impa* 
ne operation of certain types of equipment, such as relays and swi ches^ 
UsTr such applications that chromate coatings are largely employed 
to retard the corrosion of zinc and cadmium plated parts and zinc-base 

^pSons of chromate coatings are predominantly by immersion 

~^r", R., J. Soc. Chem. Ind., 65, 10! (»»). 
19 Product Finishing {London), 3, No. 12, 58 (1950). 
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processes, although electrolytic methods are used to some extent in the 
aircraft industry. The bath compositions are largely proprietary but al 
contain two basic constituents: hexavalent chromium ions and a mineral 
acid Some also contain one or more organic acids. On immersion, the 
zinc or cadmium article is attacked by the mineral acid with an attendant 
rise in pH of the solution next to the metal. At the same time some 
hexavalent chromium is reduced to the trivalent state. At a critical pH 
the trivalent chromium and some hexavalent chromium are coprecipitated 
on the metal surface. 

One of the oldest and still popular chromating processes is known as 
the "Cronak"* process 20 concerning which details have been published. 21 
The bath contains chiefly sodium dichromate in fairly high concentra- 
tions, slightly acidified with sulfuric acid. Analytical studies indicate 
the film formed from this bath to be a basic chromium chromate of the 
general formula Cr 2 0 3 • CrO s • xH 2 0. A typical film, dried at 110°C 
(230°F), has been analyzed as follows: 



The thickness is about 0.0005 mm (0.00002 inch). 

Chromate films are generally noncrystalline, nonporous, and gel-lake. 
They are quite susceptible to damage from abrasion immediately follow- 
ing film formation; hence should be aged 12 to 24 hours, before being 
subjected to normal shop handling. Electrolytically applied coatings are 
not subject to this limitation. 

Chromate films which provide maximum protection contain both triva- 
lent and hexavalent chromium. 22 Protection is provided in two ways. The 
nonporous nature of the film physically excludes, to a large extent, mois- 
ture from the metal. At discontinuities in the film, the hexavalent chro- 
mium, being slightly soluble, exerts its well-known inhibiting action. 
Experiments show that the formation of white corrosion product is inhib- 
ited so long as a minimum amount of hexavalent chromium remains in 
the film. The useful life of a chromated part thus depends on the rate 
at which hexavalent chromium is leached from the film, i.e., on the 
degree of wetting of the part. The protection provided by a Cronak 
coating in stagnant water is illustrated in Table 16-4. 21 

* Registered trade mark of New Jersey Zinc Company. 

2°U S Patent 2,035,380 (Mar. 24, 1936) E. J. Wilhelm (to New Jersey Zinc Co.). 

21 Anderson, E. A., Proc. Am. Electroplated Soc, 30, 6 (1943). 

22 Ostrander, C. W., Plating, 38, 1033 (1951). 
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Sodium Dichramate, VI) 



8683 



TeU-ahyclnite. Yellow, somewhat dcliquese crystals, Sol in 
about I part wau-r, slighd> in alcohol. The aq soli, is alkaline. 
ICh-P wall closed. The decahydrate is unstable with respect to 
water content, mp - 21)", 

"Cr-Lnbelcd compound. [l0039-53-9| Sodium eliminate. 
"Cr. sodium radio-chromaie^'Cr); >pe .Sodium; Rach- 

romaie-51, ■ CrNei 2 0 4 . Prepd from radioactive chromium 
f'Cr) which has ii half-life of 27.7 days. The amission of 
sjopmvi rays is applicable to biolojjiLTiil lagging and tracing, 
Other properties identical to iho.se or unlabeled sodium chro- 

uSE: Protection or imn against corrosion and rusting. 

THFRAH Cat: 41 Cr-liihelecl compound as diagnostic aid 
ihlood volume determination; blood cell survival), 

8n75. .Sodium CitruU'. (nK.<)4-2| Trisodinm citrate- Ci- 
imsodine; ClinnMn: Urisal. C„H,Nu,0,: mo I wi 2?X 07 C 
27.02%, H 1.9SK,, Na 26.73%. 0 43,40%. Toxicity data- 
nmbw. Halbcistm. ,/. Pharmacol. Exp. The,; 94, 65 f 1 94ft). 

Diliydracc. White, odorless crystals, granules or powder; 
cool, saline taste. Stable in air, becomes anhydrous at 150°. Sol 
in 1.3 ports water, 0.6 purl boiling water. Instil in alcohol The 
an soln is slightly alkaline to litmus. pH about ft. LD- 0 i p in 
rats: fi.O mmoles/kg (amber. Hulbeisen i. 

Pcnuthydr.ile. Relatively large, colorless crystals or white 
granule*. NM a* viable as the diliydrate. drying out on exposure 
io nir and also caking, Keep well c/onwrf, 

use: (n photography; as sequcsteHng agent to remove trace 
meials: In vitro aniicnai'iihni; as emulsifier. acidulant and se- 
questranr in foods. 

™2kaPCaT: Systemic nlknlizcr: diuretic; 



IIICRAP CAT i vun: Aiiiieoai-iilant for collection or blood. • 
«67fi. Sodium Citrate, Acid. 1144-33-2] Disodiuni cii- 
niie; djsodium hydrogen citrate: Alkucirron. CsH.Na.0,; mol 
wt 236.0V). C 30,52%, H 2.56%, Na 19.4KS?,. O 47.44%. 

Sosqulhydrate. White powder, saline tasie. One gram dis- 
solves in slightly less than 2 ml water: pM of a 3% w/v soln in 
waier; 4.9 to 5.2. 

usr.-. Aniicoftgulaitt. genur.-illy in solution win. glucose, to 
prevent the clotting of blood intended for transfusion. Pream- 
ble to sodium citrate, since it prevent cnrmelizauon or glucose 
no sierttoiwn because of its acidity, a suitable soln contains 
1.7 10 2%, and 2.5% dextrose: 1 20 ml uJ" this soln prevents the 
tinning of .120 ml Mood. 

8(i77. Sodium Cnhalti ill trite. ri36Q0-9K.|J Trisodium 
l>'«nkis(nitraco-/V)L-obaliaU!i.3 - 1: sodium liexanilroeobalinie- 
"III. t^NjNfljO,,; 11.0I wi 403.54. Co 14.59'jfv N 2l),SI%, Na 
17.07ft. O 47.53%. Na.r:,.tNO,l„ 

Yellow 10 brownish-yellow, erysi powder. Very sol in wuier. 
viighily »i iiic, Dee by mineral acids, hutunnffectcd by dil acetic 
«r similar orntinic acids. The aq soln ilee gradually but ir.-i lew 
« m ps«rncuiicacicf arr added it may be kept lor about 3 mouths. 
I . u ? t ; Fc "' »l«l«^fi"on of potassium with which it forms a 
"litfhlly sol compel. 

8fi78. Sodium Cyunuta!. 19I7-6I-3| Cynnic acid sodium 
••"II. I.NN11O: mol wt 65.0 1. C I H.48G.. N 2 1 , 55%i Na Ja . 3 ^,. 
, s r M *>- NaOCN. Prcpu and properties; Gmelin's. indium 
Mu'd.)2l. 799-80 1(1 92S, and supplement, pari 4. UBMJiKh 
< 1 Used , X pc , Mentally in kwu.ni - I .acUc cell anemia 
ulcer t,| C ys.ntile on .sickling.: May .-i «/., |, 658(1972); 

■ N. Gillette n ol.. ,V. F.ud. J. MM I'M). 654 11974). film- 
T**™ a " c[ mxicnlopy: Ccrami <•/ „/. ./. Pharmacol. Ex,.. 
I»«!'.i77'7l97'l 11971 '' r ''"" iCnl S ' Udit:!l: ,, ' !Wr ' lon « - 'i"''- 

Caloric:* needlet, Iroin alcohol d?' I.S93. 1 up 550°. .Sol in 
■wr: decomposes u , ( urm Nm.CO, mid urea. Soly in ale m-|- 
ii'lOO ,» solvem. InSLiI in elher. LD«i i.p. in miee: 2fil) 

8(i79 Sodium Cynnlde. fl 43-33-9 1 c:yanonntn. CNNai 
-•ylh 0l " C24.5|Ci,N28.5S'!!..Na.|6.9l'*. N11CN. This 
KM * "to"'**™ H ****** P«fc Mixtures ol'sncliiin, cv- 
niiTt' , W| , :iodm '" cl,u,nlL - <"• enrbonitte for special us.es are also 
^ \(l ™ TO<idry lilU£l >' : Sl,| y 11 ' '"»• /"A A(.'J?. A.v,r,r. 



Whil^ granules or fused pieces. Violent ,>t.<iwn! Olorless 
wlien perfectly dry; somewhiu rleliquesc in damp air and emits 
slight odnr of HCN. inp Sd.W Freely sol in water, slipbMy in 
alcohol. The aq soln is scruntjly alkaline end rapidly decom- 
poses; the soln residily dissolves s oid and silver in presence of 
air. Keep well cla*«d. l.D,„ orally in rats: is mrAs (Smyth i. 

Caurion; Potential sympinms of overexposure are irritation 
of eyes and skin: weakness, headache and confusion; nausen, 
vomiting: increased rate of respiration; slow gnspioa mspii-ation; 
asphyxia; thyroirl and blood changes. Src NIOSH Podm Guide 
to Chemical Hazard! fDHHS/NlOSH 97-140. 1097) p 2S2. 

(JSC: Exii'Dciinii .nolcl and silver from ores; electroplatlni} 
baths; fumigating citrus and other fruit trees, ships, milwny cars, 
warehouses, etc.; maniif hydrocyanic acid and many other cy- 
anides: case hardunini', of sieel. 

HfiJfO. Sodium Cyannhm-ohydrldc [2Sfi9s.fi0.7| So- 
dium tcyiino-Cllrihydrolioratei l -i; sodium boroeyanohydride; 
sodium eyiinohydridoborau:. C':i|,PNNa: mol wt 62.S4. C 
19.1 1%. H 4.SCS.. IJ 17.20%. N 22.29%. Nn 36.5&H. NalsH,- 
CN. Reducing agenl prepared from NaliH., and HCN: R. C. 
Wade or aL Inert;. 9, 2146 (1970); R. r;, Wade, DE 

2028569 corresp to LIS 3fifi79M (1971. 1972 both to Venirnn), 
Keview of pi-cpn. properties and use; C. F. Lane. Xyinlwlt 
197S. 1.15-146, 

White, hyfirofcopic- powder, mp 24Q-242" (dec). cl M 1.199. 
Soly(e/I00 ); solvent) in water i29'|: 2| 2; in THF (2s'i: 37.2; 
in diglyme Wi: 17.6. Very sol in methanol: slightly sol in 
ethanol, isopropylamine; insol in ethyl ether, be-nzene, hcxanc. 
Stable in acid ui pH 3: undergoes rapid hydrolysis in 12/V HCI. 
Rate of hydrolysis Kr" thai of MaBK,. 

USE; Selective itdueinK ii.'ient for aldehydes, ketones, oxi- 
mes. entimines: docs not reduce amides, eihers. lactones, ni- 
triliis. nitro compds and epoxides. Also used for reductive am> 
inatiOit 01' ketones nnd aldehydes, reductive alkyl.nion of amines 
and hydrazines, reductive displaeeinem ol halides and tosylates. 
dcoxysenatiori ol aldehydes and ketones. Sitr (,ane, loc. fir. 

8681, Sodium Diacetate. [126-96-5] Sodiuir —"i ■»-»- 
un=:Rykon. CH>COONa.n l-COOR Described as 
eumprl of sodium acetate and aeeiie acid. 

White powder, dee above isi)°. Sol in waier, libernilnij 
12.2S% available acetic acid. 

use: Acetic acid in solid form; as an inhibitor of molds and 
rope-forming hacteriii in bread: Olabc. I'aodlwls 14. no. 2.46 
1 1942); as Sequesiranl. 

8682. Sodium DiblllKitt. ri4992-59-7| 2,fi.|Mst l.l-di- 
methyleihyl>-l-naphihaknesiiironic acid sodium sah: L-1633: 
1633 Labaz: Eeca.nal; B*c»otex: Dibunafon: ICeuieu; l.inelus- 

Ci.Hj.NflOA; mill w| 342.43. C 63.1-1%. H ft.77'.?.. Na 
71%, O 14.02%. S 0.36%. /Vlihough most sources refer to ihis 
•mpotind as sodium 2.6-Ui-)<.<r.biitylnnphthalenc suluinate, ii 
a niixlum of at L-usi two isomers. Prepn nnd sepaiatiou ul' 
aniers: Menanl n .(/,. Can. J. Chem. 3», 729 1 196 1 1. 



Sliglitly hy^rnscipii; crystals, dec >3UL)'. .Sli.jhtly sol in oakl 
v-'ater 10.5-1. 0 r T »: freely sol in hot water: sol in tn.-ihaui.|, less 
sol in ethanol. Aq solus are stable to boiling. 

THGRAH CnT: Alililussive. 

HfiW. Sodiiiiri DiclironiatefVri- [I05SS-0I •')] Sodium 
bichromate; bicliroinatc of soda. Cr.Na.t.J,; n «>l wt 2/.M.'77. Cr 
39.70',1», Na 17.55'-,, 0 42.75%. Na.CV.b,. Usually prrpd from 
NajCrOj ami H.SOj. Description of indtistnal p^vsses: 
MUllcr, Clissniami in Vll»uvm'>- Riscvkhfikiie tk-r IWHi\iirl\rn 
Cllemle vol. S [Munich, 3rd ed.. 19.54) p 575: F,ulh. Krwx ,i 
Clark's Indiimal Chemicals. P. A. Lowenheim. M. IC. Moran. 
fids. (.Wiley- Inrerscience. New York, 4th ed., I975i pp 731-736. 
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Znli m. 132-3°; (Et 3 S)iZnI t m. 149°; {EhMeS) 2 Znh m. 173-4°; {EhPrS)iZnI k m-. 
145°. Alfred Hoffman 



Composition of complex metal cyanide radicals. Complex Ni cyanide radical 
(Masaki) 2. Synthesis and x-ray investigation of NiCr 2 0 4 (Holgersson) 2. 



Lafuma, Henri : Recherches sur les aluminates de calcium et sur Ieurs combinai- 
sons avec le chlorure et le sulfate de calcium. Paris: Vuibert. 68 pp. F. 16. 
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An improved method of quantitative spectrograph^ analysis. C. C. Nitchie 
and G. W. Standen. Ind. Eng. Chem., Anal. Ed. 4, 182-85(1932).— The method em- 
ployed is a modification of the methods of Gerlach and Schweitzer and N. (C. A. 23, 
1587). In the improved method an addnl. element is added to the sample in a const, 
known amt. for comparison purposes. The use of a recording microphotometer is now 
justified and considerable time is saved. Four requirements are listed for satisfactory 
comparison of spectral lines. App. and procedure are described, and spectra and micro- 
photometric records are shown. Concrete examples are given and the errors are ana- 
lyzed. The deviation from the mean of 4 detns. is 1 part in from 10 to 20. H. A. S. 

Micro-alkalimetry and acidimetry. S. K. Chirkov. Bull. inst. recherchas biol. 
Perm 7, No. 7/8, 427-40( German summary) 440-1(1931) —The soln. to be investigated 
is titrated to the intermediate color of a 2-color indicator, with not stronger than 0.01 
N reagents from a membrane microburet. Formulas are given for calcg. the decrease 
in acidity or alky. p K values are taken from tables. R. H. Ferguson 

Thermometric titration. Taxayuki Somiya. J. Soc. Client. Ind. 51, 135-40T 
(1932); cf. C. A\ 21, 1425, 3030; 23, 1840, 2907, 4907, 4908; 24, 3389, 3915.— The 
necessary app. is shown and numerous applications of the method are described. 

W. T. H. 

Use of benzidine acetate as indicator in molybdo-manganimetry; application to 
the electrolytic determination of a few hundredths of a milligram of copper. R. Guille- 
met and L. Thivolle. Compl. rand. soc. biol. 108, 30-2(1931).— Fontes and Thivolle 
(C. A. 17, 1199) developed a method for detg. Cu which depended upon the fact that 
when Cu is plunged into a phosphomolybdate reagent (boil 40 g. of NH 4 molybdate, 
60 cc. of NaOH soln., d. 1.36, and 100 cc. of water until no more NH 3 is evolved, cool, 
add 200 cc. of water and 200 cc. of H 3 PO,. d. 1.30, boil 15 min., cool and dil. to 1 1.) 
the Cu dissolves, forming a blue soln. which becomes colorless when titrated with 
KMnOi. To overcome the difficulty in detg. the end point, it is now recommended 
to use benzidine acetate soln. as indicator. Dissolve 1 g. of benzidine in 10 cc. of glacial 
AcOH, boil and dil. to 100 cc. .After washing an electrolytic Cu deposit, plunge the 
electrode into enough of the phosphomolybdic reagent to cover it (3 cc. in a small 
tube with a Pt wire cathode), allow the color to develop for a few min., while using the 
cathode as a stirrer and titrate with dil. KMn0 4 after adding the indicator. W. T. H. 

A neutral buffered standard, for hydrogen-ion work and accurate titrations, which 
can be prepared in one minute. Roger T. Williams and Carl M. Lyman. J. Am. 
Chem. Soc. 54, 1911-2(1932).— NH«OAc solns. through wide limits of concn. have a 
p H of almost exactly 7.00. W. T. H. 

New reagent for the detection of hydroxy acids. C. H. Libbralli. Bol. assoc. 
brasil. pkarm. 12, No. 10, 24(1931).— Hydroxy acids can be detected by the use of the 
following reagent: FeCl 3 (10%) 32.4 cc, KCNS (10%) 58.2 cc, H 2 0 to 100 cc. 
The reagent turns yellow on the addn. of a neutral soln. of hydroxy acid. AcOH and 
oxalic acid also give the same color. Addn. of 1 drop of HN0 3 brings back the original 
red color with hydroxy acids. With AcOH and oxalic acids the color does not return. 

E. S. G. B. 

Preparation of sodium cobaltinitrite as potassium reagent. E. Rupp and A. 
Poggendorf. Apoth. Ztg. 47, 282-3(1932).— To 5 g. of powd. Co(N0 3 ) 2 in 2.1 g. 
AcOH and 1 g. H 2 0 add a luke-warm soln. of 10 g. NaN0 2 in 11 g. H 2 0, remove the 
NjOs by a 30-min. current of aspirated air through the mixt., allow to stand 15-30 min., 
pass through a filter to remove any turbidity and mix in a porcelain mortar with 20 g. 
of pure, freshly dehydrated Na 2 SO<, then place in a vacuum desiccator for a day. Tri- 
turate the golden yellow cryst. mass and preserve in amber glass. W. O. E. 
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exchanged at once. Fe 3+ and FeY - , both 0.0125 M, at 
pH from 1.5 to 5.0 showed an immediate partial and very- 
slow subsequent exchange. Temp. = 25°. Tracers were 
Co 60 , Fe 69 , and NiK Cf. C.A. 42, 1523e. P. E. B. 

New approaches to the study of the reaction between 
potassium and cobaltinitrite ions. Angel del Campo, 
Vicente Boissier, and Angel Hoyos (Univ. Madrid). Rev. 
real acad. cienc. exact., fis. y nat Madrid 34, 352-69(1940).— 
K 3 Co(NOj)« was pptd. with stirring by adding DeKoninck's 
reagent {C.A. 3, 1628, (1909)) to a known soln. of KC1, ' 
filtering, drying in a current of air at 100°, and weighing in a 
tared filter crucible. The wt. of ppt. is less when the soln. 
is stirred during pptn.; hence adsorption takes place. On 
long standing, with the ppt. in contact with an excess of 
Na 3 Co(N0 2 )a, the wt. increases considerably; Na probably 
substitutes for K in the ppt., as evidenced by qual. analysis. 
The ppt. is probably a mixt. of K 3 [Co(N0 2 ) 6 ] -H 2 0 and K 2 Na 
[Co(N0 2 ) 6 ], but the K is nevertheless pptd. quant. K, 
pptd. with Lis[Co(N0 2 ) a ], can be filtered and washed more- 
easily than when pptd. with the Na reagent, and comes down 
as well-formed cubic crystals corresponding closely to the 
formula K 3 [Co(N0 2 ) 6 ] when an excess of reagent is employ ed ; 
the wt. of the ppt. is almost independent of whether or not 
the soln. is agitated during pptn., in contrast to the large 
changes observed with the Na reagent. The anion of the K 
soln. has no effect. R. L. Wolke 

Chemistry of thorium in aqueous solutions. I. Organic 
and inorganic complexes. R. A. Day, Jr., and R. W. . 
Stoughton (Oak Ridge Natl. Lab., Oak Ridge, Tenn.). J. 
Am. Chem. Soc. 72, 5662-7(1950).— Equil. consts. for the 
formation of complex ions of Th with the anions of HF, 
HIO,, ClaCCOOH, HBrO,, Cl 2 CHCOOH, HN0 3 , HC1, and 
CICBUCOOH in aq. soln. with a H-ionconcn. of 0.5 M and 
an ionic strength of 0.5 were obtained by detg. the distribu- 
tion ratios between the aq. soln. and benzene contg. thenoyl- 
trifluoroacetone (I) as a chelating agent. The consts. for 
the 1 : 1 complexes decrease in the order of the above listing, . 
going from 4.3 X 10 4 for ThF 3+ to 1.33. Higher com- 
plexing corresponding to Th/anion ratios of 2 and 3 was 



found for the first five anions in the list; the corresponding 
consts. are presented . Evidence was found for the existence 
of double complexes of the type Th(N0 3 )F J+ and Th- 
(N0 3 )F 2 + in mixts. of HNOs and HF. Acetic acid in the 
aq. phase increases the extractability of the chelated product 
formed between Th and (I). J. Van Wazer 

Sequestering properties of salicylic acid. Complexes of 
sulfosalicylic acid. Giovanni Mannelli. Ann. chim. ap- 
plicata 38, 594-601(1948).— Fe is sepd. from Ti by treating 
a soln. of the sulfates with NH ( salicylate (1) and (NH 4 ) 2 C0 3 , 
followed by pptn. of Fe with H 2 S. Addn. of aq. NH 3 and 
boiling then gives Ti0 2 . Fe is sepd. from Mn, with I, the 
Mn being pptd. as phosphate, and similarly Fe from Tl, the 
Tl being pptd. as chromate in presence of I. Na sulfo- 
salicylate and Be(OH) 2 give Na t Be suljosalicylate, CuHs- 
Oi 2 S 2 Na 1 Be; similarly are formed Na t UOi subsalicylate, 
C M H B 0 M S2Na«U (+4H 2 0), and K t Ni subsalicylate, C u - 
H B 0„SjK«Ni. B. A. 

• Electrochemical study of complexes of the silver ion and 
amino dicarboxylic acids. Suzanne Valladas-Dubois. 
Compt. rend. 231, 1299-1300(1950).— Aspartic acid and 
glutamic acid, like glycine, at high pH form complex anions 
of about the same stability, corresponding to 2 mols. of the 
amino acid to one of AgNOj. Earl S. McCoIley 



Arsenates — oxidation of arsenious acid (Takahashi) 4. 
Kinetics and mechanism of solid-phase reactions— in oxide 
' films on pure Fe (Gulbransen) 2. Heavy-metal aluminides 
(Rtihenbeck) o. 



Taurins, A.: Neorganiska Kimija. Wiirtenberg: A. 
Brokana & R. Dovana. 1948. 126 pp. 

Wells, A. F.: Structural Inorganic Chemistry. New 
York: Oxford Univ. Press. 1951. 590 pp. $7. 

Experimentelle Einfiihrung in die Anorganische Cheraie. 
44th ed. Edited by W. Klemm and W. Fischer. Berlin: 
' W. de Gruyter. 1949. 204 pp. DM7.80. Reviewed in 
Angew. Chem. 63, 55(1951). 



7— ANALYTICAL CHEMISTRY 



History of analytical chemistry in Russia. K. B. Yatsi- quinidine and quinine; and of leucine, norleucine, and iso- 
inirskfl. UspekhiKhim. 18, 623-8(1949). N. Thon —leucine.. H.N.Dyer 

Recent developments in inorganic analytical chemistry. Spectrochemical analysis of a solution on graphite. M. 
J. C. Geertsma. 5. African Ind. Chemist 2, 31-3(1948).— van Doorselaer, J. Eeckhout, and J. Gillis (Univ. Ghent, 
A description is given of (1) the use of the Walden Ag re- Belg.). Congr. groupemenl avance. method anal, spectro- 
ductor and internal indicators in the detn. of Fe with j graph, produits met. 12, 51-7(1949). — Factors which affected 
K 3 Cr 2 0 7 , (2) detn. of C in presence of large amts. of S, e.g., bronze analysis according to the method of Rivas (cf. C.A. 
coal in pyrites concentrates, with Mn0 2 on pumice granules 32, 1601 1 ) were studied. When adsorption of the soln. on 
to absorb the SOa and S0 3 , and (3) detn. of C0 3 — in solid graphite took place at a temp, above 100', the sensitivity 
materials. B.A. of spectral lines was at a max. and their relative intensities 

Analytical methods for determining the concentration of — were const. An increase in the concn. of the soln. gave a. 
ionically active substances. H. Schwerdtner (Chemnitz, greater sensitivity, except in the case of some elements such 
Ger ) Chem Tech (Berlin) 2, 361-4(1950).— A review. as Al, but did not influence the relative intensities. The 
Paul W. Howerton effect of the vol. of the soln. on the electrode was negligible. 

Qualitative analysis without hydrogen sulfide. X. Re- A change in the anion ratio of a soln. produced changes in 
duction method. Toshiyasu Kiba (Kanazawa Univ.) /. y the spectra because of differences in the volatility, as well as 
Chem. Soc. Japan, Pure Chem. Sect., 70, 145-7(1949); adsorption and absorption characteristics of various salts 
cf CA 45 2813c— Metallic Zn can be used as a group and their complexes. The presence of colloidal Sn gave ab- 
reagent to sep. ions from acidic soln. Systematic proce- normally high results. M. A. Rinenart 

dures of group sepn. and identification of ions are given in— Amperometric titration of sulfhydryl groups: microgram 
tables. K. Yamasaki analysis. Sheldon Rosenberg, J. C. Perrone, and Paul L. 

Fluorometric analysis with morin. E. V. Rouir and H. Kirk (Univ. of California Med. School, Berkeley). Anal. 
Dietz (Atelier construct, elec. Charleroi, Charleroi, Belg.). Chem. 22, 1186-7(1950).— The argentometric procedure of 
Congr. groupemenl avance. method, anal, spectrograph. , Kolthoff and Harris {C.A. 44, 76a) is modified. A vibrat- 
produits mil. 12, 149-55(1949).— Al reacts with morin to n ing Pt electrode is used as a combination electrode-stirrer, 
produce a fluorescence which served as a means of detg. and the titrating soln. is added from a horizontal micro- 
0 001-9% Al in bronzes and brasses. For less than 1% buret. For j amts. of cysteine-HCl and glutathione the 
Al the relative error was between ±5 and 7.5%; for higher error was less than 5% in all cases. Titration of denatured 
percentages ±2%. Other metals causing interference in — bovine serum albumtn should approx. 0.3% sulfhydryl (as 
the analysis were removed by electrolysis. M. A. R. cysteine); this value was essentially independent of the 

Quantitative analysis of powders by infrared spectro- nature of the denaturing agent. T. H. Dimkelberger 
photometry. Georges Pirlot (Univ. Liege). Bull. soc. Utilization of ion exchangers in analytical chemistry. 
chim Beiges 59, 327-51(1950); cf. C.A. 43 , 7366A — The . XVI. Gunnar Gabnelson and Olof Samuelson (Chalmers 
compensated extinction coeff. method, detd. with an internal * Tek. Hogskola, Goteborg, Sweden). Svensk Kem. Ttd. 62, 
standard, is applied to the analysis of powders when Beer's 214-20(1950)(in English); ■ cf. C.A. 44, 6759/.— Aldehydes 
law does not hold, and when there is overlapping between the may be retained quantitatively by an ion exchanger in the 
absorptions of the components of the mixt. Results a™ w—in*- Th„ hroct-tf,™,,^ r...r W * h 3 v<» tht- < 

given for the analysis of mixts. of cinchoiiidine, cinchonir 



on 
<D 
m 
CD 

+-> 

a 

>^ 

CO 

o 

• 1—1 

& 
O 



3M- 



■«ja g ft„ § a g tt o 



J o p, <u 



! p -S 



-d 3 



8 ° S - 

* -a- a-. 



i Sra a s g 



1 a -a 

| 

.a-slSlll g g. 



p S -5 ^.SP 

a 3 .a s « S 

g „ d -a .g ^ pj g 3 
i p - s « ° § 



D S ,Q a += .£ g • 

3 "d ^ ^ S 1 ' "S 

2 3 J -a ^ 
Hi'- 



3 — £ ^ 
3 -5 "3 ts : 



5 ° 
3 + 
8 w 



+ 
+ 



c3 O 3 o ^ « o 

i 3" .■ 1 8 1* !i 

£ 8 s ^ £ ^ -J » i 

|^| I si 

12 N .P c3 ^ o 

S <s 2 :g a 5 |t 

-d 3 -a 1 1 

S ^ la S ?/3 |o § 

3 tO S r 



O T! T3 

£JJ3.5 



111 

■53 rli 



SO" 

I -Si 



^ .3 ^ 

o P > 

t3 *s b 



■S J 



§1 ! 



! .2 73 " H 



rt o 



.f 1 § 

■a -a a 

s i _ 



p. -jd - s 

~ a o _ 



03 J> > 03 

^ 1 3 ^ 1 2 



3 .g 
T3 t3 E 



+3 o3 P< O 



i s § § 



1 1 

ll 



8 111 " lis 



, 1 



s -a ^ -s 



o o 



■d S "5 3 3 ■ 



3 .3 -H P- 



^ ^ ^ o ^ 

pf -2 :g oo ^ 
o £ -| oo ^ 

S ffi 
* ti H ^ '"S 

a g ^ ^ 

O ^ S <N b 



gj 



-3 H 



O 



> o -a 



2 * 1 



> ^ ft 5 T3 - 



°8 
2 J - 



§ 3 o 

O <D 
£ S O o3 



; +3 ^ 
1 pS 03 °8 



+ j ss'l? 
'Stl l' S °11 

m ° & M s <♦ 
+ 9, o *s 83 ' 

.2 * n r 



q +» -e .g g I 3 .2 

§ if £ £ ™ g 

2 S 3 £ ? .£ 2 

^ £ 'g eh § -j 

3 g <D m O 
I I ^ -g 10 M * § 

^ a> J 3 ^ \« .S 



t w 
M + 



w d S 

» OS' 



^ ^ m g £ ' 



S o $ £ .-s 
ft^^ M * ° 



! .3 



a o O « £ S 

» .5P^ ^ 3 41 



§^1 



1 "S 



2 ^3 « ^ p 



1 

II 



+ 



) s o .a j 



3 .3^ 



11 j 




.2 <D 



5 >H ^? Q0 

12 



3 P --j 

^ .2 1 



cs3 o3 S ft o 



, 2 ^ -S 



o3 Eh .3 -S ^ .23 -I 3 

T3 O ^ ™ ^3 ^ ^ 

^ 3 3 2 

^^^^ 



§.a:1-g'S'a |^ 



3^ 43 ' 



r 1 1 o » 
i s 



o 3^^ g § 
3.2^2^ 



) 'S 'J d 
5 .53 -S 



T) ^ O O 



j9 



3 - g 



.3 -2 
5 -S 



ill 



I S 3 « 



Inorganic Syntheses 

Volume IV 



EDITOR-IN-CHIEF 

JOHN C. BAILAR, JR. 

University of Illinois 
ASSOCIATE EDITORS 

JACOB KLEIN BERG 

University of Kansas 
THERALD MOELLER 

University of Illinois 
EUGENE G. ROCHOW 

Harvard University 
WALTER C. SCHUMB 
Massachusetts Institute of Technology 

JANET D. SCOTT 
The Interscience Encyclopedia, Inc. 

RALPH C. YOUNG 
Massachusetts Institute of Technology 

ADVISORY BOARD 
LUDWIG F. AUDRIETH 

University of Illinois 
ARTHUR A. BLANCHARD 
Massachusetts Institute of Technology 
W. CONARD FERNELIUS 
The Pennsylvania State College 
W. C. JOHNSON 
University of Chicago 
RAYMOND E. KIRK 
The Polytechnic Institute of Brooklyn 
H. I. SCHLESINGER 
University of Chicago 



New York Toronto London 
McGRAW-HILL BOOK COMPANY, INC. 
1953 



174 



INORGANIC SYNTHESES 



grinding procedure is repeated. The residue is again col- 
lected on a filter and washed with cold water until the fil- 
trate is no longer orange, but instead is faintly greenish. 
The salt is finally washed with methanol and ether and dried 
at 50°. Yield, 7.8 g. (86%). Anal. Calcd. for [Co(NH 3 ) 5 - 
I](N0 3 ) 2 : NH 3 , 21.8. Found: NH 3 , 21.8. 

D. NITROPENTAMMINECOBALT(m) NITRATE 4 

[Co(NH 3 ) 6 C03]N03 + 2HN0 3 + NaN0 2 — > 

[Co(NH 3 ) 6 N0 2 ](N0 3 ) 2 + NaN0 3 + C0 2 + H 2 0 

Ten grams of carbonatopentamminecobalt(III) nitrate 
(0.036 mol) is suspended in 25 ml. of water, and 10 g. of 
sodium nitrite (0.14 mol) and 10 ml. of colorless nitric acid 
(1 : 1 concentrated acid and water) are added. The mixture 
is stirred for 15 minutes at room temperature, and then 200 
ml. of methanol is added to the slurry. The precipitate is 
collected on a filter, washed with methanol and ether, and 
dried at 50°. Yield, 10 g. (88%). Anal. Calcd. for 
[Co(NH 3 ) 5 N0 2 ](N0 3 ) 2 : NH 3 , 27.1. Found: NH 3 , 27.1. 



E. NITRATOPENTAMMINECOBALT (HI) NITRATE 6 

[Co(NH 3 ) 5 C0 3 ]N0 3 + 2HN0 3 ^ [Co(NH 3 ) 6 H 2 0](N0 3 ) 3 
1 • +C0 2 + H 2 0 

[Co(NH 3 ) 6 H 2 0](N0 3 ) 3 ^ [Co(NH 3 ) 6 N0 3 ](N0 3 ) 2 + H 2 0 

Ten grams of carbonatopentamminecobalt(III) nitrate 
(0.036 mol) is suspended in 25 ml. of water, and 20 ml. of 
colorless nitric acid (1:1 concentrated acid and water) is 
added with stirring. When the evolution of carbon dioxide 
has stopped (10 minutes), 100 ml. of methanol is added, the 
aquopentammine cobalt(III) nitrate is collected on a filter, 
and washed with alcohol and ether. This salt is heated at 
100° for 18 hours (until 1 mol of water is lost), yielding 10 g. 
(83 %) of the desired material. Anal. Calcd. for [Co(NH 3 ) 6 - 
N0 3 ](N0 3 ) 2 : NH 3 , 25.8. Found: NH 3 , 25.6. 
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safety trap and into a beaker of water where the acid is 
titrated with 2 N sodium hydroxide solution. 

The mixture is stirred at a rapid rate and heated for 30 
minutes to 126°, whereupon the black slurry thickens. 
Only approximately 1 ml. of the sodium hydroxide is con- 
sumed in this initial heating. The reaction is then allowed 
to proceed rapidly at 128 to 139° for 2 hours. In the course 
of the reaction the mixture becomes light tan and appreci- 
ably less viscous, and the theoretical amount of sodium 
hydroxide is required to neutralize the hydrogen chloride 
which is evolved. Very little additional hydrogen chloride 
is liberated during another hour of heating. 

The solid is filtered, washed repeatedly with chloroform 
or benzene, and dried in vacuo; the yield is 99%. Anal. 
Calcd. for FeCl 2 : Fe, 44.06. Found: Fe, 43.89. 

References 

1. P. Kovacic and N. 0. Brace: J. Am. Chem. Soc, 76, 5491 (1954). 

2. N. 0. Brace: U.S. patent 2,719,074 (1955). 

55. CARBONATOTETRAMMINECOBALT(III) 
NITRATE 

2Co(N0 3 ) 2 + 6NH 3 (og.) + 2(NH 4 ) 2 C0 3 + K> 2 ^ 

2[Co(NH 3 ) 4 C0 3 ]N0 3 + 2NH 4 N0 3 + H 2 0 

Submitted by G. Schlessinger* 

Checked by John W. Simmons,! Gerhardt Jabs,! and Mark M. 
Chamberlain f 

The first salts of this series were prepared by Vortmann 1 
and later extensively investigated by Jjzfrgensen, 2 who, how- 
ever, gave only semiquantitative synthetic preparations. 

* University of Pennsylvania, Philadelphia, Pa. 
t Western Reserve University, Cleveland, Ohio. 
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The method given below, which is a more exact procedure 
than given hitherto (and which may be significantly short- 
ened by the use of hydrogen peroxide instead of air as oxi- 
dizing agent) may also be used, virtually without change, 
for the preparation of the chloride, bromide, iodide, sulfate, 
selenate, and oxalate of the carbonatotetrammine series 
simply by using an equivalent amount of the corresponding 
cobalt (II) salt as starting material. 

Procedure 

One hundred grams of cobalt(II) nitrate 6-hydrate 
(0.344 mol) is dissolved in 100 ml. of warm water and added 
to a mixture of 200 g. of ammonium carbonate (2.08 mols) 
in 1 1. of water and 500 ml. of concentrated ammonia. The 
resulting liquid is oxidized by sucking air through the solu- 
tion contained in two 1-1. suction flasks fitted with stoppers 
and glass air-inlet tubes reaching almost to the bottoms of 
the vessels.* After 2£ hours, when the oxidation is com- 
plete, the solution is evaporated on the steam bath to a vol- 
ume of 500 ml. Any cobalt(III) oxide is filtered off while 
hot, and further evaporation to 350 ml. is carried out. 
During the course of the evaporation 50 g. of solid ammo- 
nium carbonate should be added in 5-g. portions at regular 
intervals.! The solution is next cooled in ice, filtered by 
suction, and the crystals pressed well dry. The crystals 
may be washed with 75 ml. of alcohol. The filtrate is evap- 
orated down to 100 ml., with the addition of four 5-g. por- 
tions of ammonium carbonate, and more product is isolated 
as above. The first batch of product, 48 to 50 g., is ana- 
lytically pure, but the second may be contaminated with a 
trace of carbonatopentamminecobalt(III) nitrate, which is 

* A timesaving but more costly method of oxidation is to add 250 ml. of 
3% hydrogen peroxide slowly to the well-stirred cobalt (II) ammine mixture. 
After standing 10 minutes the solution is evaporated as below. The yield 
is the same. 

t The regular addition of the ammonium carbonate is emphasized. 
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which were removed by filtration, and 20 ml. addnl. EtOH 
was added; the yield was 6 g. VIII. To a cold soln. of I was 
added 16 g. powd. (C0 2 H) 2 until a bluish green 
obtained. The soln. was kept at 60° as long a 
evolved and then was cooled, acidified with dil. AcOH, and 
Q^T^^r^^^^^O^ "SOml.EtOHwasadded. The yield was 12 g IX which was 
Una, Chapel Hill). J. Am. Chem. Soc. 80, 2917-19(1958).- P^d as usual ■ K 2 C 2 0 4 (5 g.) and 5 g etfiyknediamine 
From potential-pH diagrams the stability consts. (pK) of the oxalate prepd. by neutralizing 15 g. ,0% XIV with 23 g 
following metal ion complexes of tetraethylenepentamine (I) powd (C0 2 H) 2 m the cold, were poured into a cold soln. of 
detd.: Hg(II), 27.7; Cu(II), 22.9; Ni(II), 17.8; - . The mixt. was kept about 1 hr. at room temp.t 
c a. ia n. nu/TT\ in n. i\t„/tti i n. Tj.vrm 



tlie unsym. compd. reacts more slowly. The trisulfonates 
hydrolyze rapidly, giving S0 3 , S0 4 , S 2 O s , and a 
little tetrasulfonate; azodisulfonate is an intermediate. 
Tetrasulfonate hydrolyzes only slightly. R. H. Jaquith 
The stability of metal tetraethylenepentamine complexes. 



The mixt. was kept about 1 hr. at room temp, until the 
Zn.lL5.4j 'Cd.ll'oj' Pb(Ilj, 10-11;' 'Mn(ri), 7.0; Bi(IH)i color became bluish violet, after which it was cooled, treated 



Ca, M S , Sr, Ba, Al, and La, all negligible. pK values of with a small ant. of EtOH to remove foreign salts, and_the 
2-5 for I were found to be 4.1, 8.2, 9.2, and 10.0, resp., at filtrate was further treated with EtOHto ppt. 3 g. X 
25° and with an ionic strength of 0.10. Analytical applica- b Ppt. was purified, by washing with EtOH and Et.O. 
tions for I complexes are discussed. Gerald S . Golden ('_&■) was synthesized m the same. way as X, except that the 
Arsenic(HI) oxychloride, a new type of polymer bond. 



. Thilo and P. Flogel (Akad. Wissenschaften, Berlin- 
Adlershof). Angew. Chem. 69, 754(1957)(in German).- 
As 4 0 6 dissolves in AsCI 3 with formation of an amorphous 
hard polymer which has the structure Cl 2 A.sO[(Cl)AsO]„- 
AsCla. Rudolph J. Marcus 

The synthesis of metal complexes. HI. Synthesis of 




heated - l -hr. i ne - t ead -of being 
: 6 g. (C0 2 H) 2 , 2 g. KC1, and 
added to I and the mixt. evapd. 
formed on the surface. 



. mi: 70% XIV 
ter bath until a 
The soln. was cooled and the 
filtered and washed with EtOH and Et 2 0, 
R. E. Dur" 



L 4fee Haitian speUia of the system nitrosyl 

- t - ,. ■ i i ; ±u i sulfuric acid-sulfuric acid-water with a view of denitrating 

ethylenediaminecarbonato ammineoxala to, and ethylene- c hi hl concentrated sulfuric acid. Arthur Simon and 

^^e^to s enes of cobalt(III) complexes. Motohichi ^Zrst Richt£r (Tech Hochschuk; Dresden) G er.). J. 
Mori, Muraji Shibata , Eishm kyunq r, and Roji Hoshiyama & cw [4] g 68-76(1957).— Raman spectra of 

^f^J^k Sffii P t a r mn ™ cuum distd " H ' S0 ' were recorded with a 3-prism Zeiss 

(1958); cf. CA. 51, 5618A.-Three ser.es of Co(III) com- _ t h havi a dispersion of 8 A./mm. at 4358 A. 

p exes were systematically synthesized from ^ th e green soln and 12A . /mm . at 49 i 6 A. HNOS0 4 was prepd. from 

of potassium tncarbonatocobaltate(ni) (I), by means of N2 q 3 and H 2 S0 4 . The N 2 0 3 content of the nitroso acid was 

successive substitution of carbonate by other groups: blue d ^ wkh L nitrometer and h 2 S0 4 was also detd. 

ff 1 ); [Co(en),C0 3 ]Cl H 2 0 (IV), Co(en) 3 ]Cl 3 . 3H,0 (V) , d sum nitroso acids occur which cannot 5e den itrated with 

Yr m HO ?V^ 2 j) frn^NH ( C O in fVlfl KICo" So". With the aid of Raman spectra the conditions nece 

^n^T^^ 21 ^ 0 ^ T% [C ° ( f" WC ^- clarified" ^^o'l^^t^L^^- 
Cl.H.O (XII). Of these the blue and the violet vanet.es - decreases as the concns . % wat Y er and N2 o 3 increasc . T l 

are probably to be regarded as new complexes, stereoisomers decrease bei smaller the , ower the concn of HjS o 4 It 

with each other Through all the procedures a green cold shown that the d ion is caused b HS0 - H2SOl 

on"' 0i v J^A^n aS ^ mg « I ?r a n ena S P w£' S°n molecules (mostly assocd. by H-bridges) shield the polariz- 

20 g KHCO ,10 g CoCl, 6H.O. and o ml. 30% H 2 0,, ■ effect of the HS0 4 ~ on the NO + ion and thereby change 

by the method described in the previous paper. To I was . bond; condition Attempts to den itrate show that the 

added 5 g ethylenediamme carbonate (XIII) prepd. by bondi condition of the NO + ions, characterized by the 
passing C0 2 mto a cold aq. soln. of 70% ethylenediamme ^ f ft R frequencV) is decisive for the denitra . 

(XIV). The mixt. was placed in an ice bath for 30 mm. r.... ... 

until the green color changed to blue, and 20 ml. of abs._ 
EtOH was added. Impure crystals sepd. and were filtered 
off and rejected; 50 ml. addnl. EtOH was added to the 
filtrate, and the soln. was kept at 0° for some time. Crys- 
tals of II w 1 



bility of nitroso acids. George Meister 

Th£ complex formed from cobalt hydrocarbonyl and buta- 
diene. Hans B. Jonassen, Robert I. Stearns, Jouko 
Kenttamaa, Donald W. Moore, and A. Greenville Wbittaker 
„iio„ + o^ „„a v>„- H; M r,i<7;„<r thorn in a (Tulane Univ., New Orleans, La.). J. Am. Chem. Soc. 80, 

„„, of e co7d aOaTd^glbs 7 g^oTpure / 2586-7(1958). -The complex .formed .between butadiene 

II were obtained. To I was added 5 g. XIII as before and a,ir ' :n hvr,rn 
the mixt. was kept 20 min. at room temp. A violet soln. 
was obtained; 20 ml. EtOH was added and the soln. was 
stored overnight in the refrigerator. The resulting ppt. 
was recrystd. 3 times as before with cold H 2 0 and abs. 

EtOH to yield 6 g.. HI. _ IV was prepd. by adding lO ml. m x& and ultra . 



70% XIV to I, heating the n 



x bath until the 



and Co hydrocarbonyl in the absence of Oxo conditions w 
prepd. and the stereochem. configuration was studied., 
When K cobaltcarbonylate was allowed to react 12 hrs.- 
with AcOH and liquid butadiene in a high-pressure vessel,, 
a red-brown liquid was obtained, b. 33-5° at less than 1: 
mm., and having the compn. Co(CO) 3 C 4 H 7 . It is diamag-, 
netic and contains no acidic H. The ir 1 — 



soln. became reddish yellow. After cooling, 11 g. of crude ™ let absorption curves indicate the disappearance of the, 
Product was collected and recrystd. from H 2 0. V was „ conjugated diolefin structure and the appearance of a, 
prepd. by adding 15 ml. 70% XIV, 3 g. KC1, and 1 g. steucture producing absorption characteristics similar to, 
rw„ t -p^ 3n r,n a watPr those of cis monoolefins. The sharp peak at /03 cm. 



active C to I. The mixt. was heated 
bath until the color changed to brownish yellow, after which 
C was filtered off. The filtrate was evapd. to half the 
initial vol., cooled, and the ppt. washed with' EtOH and' 
dried. The yield was 12 g. V. I contg. 10 g. powd. 
(NH 4 ) 2 C 2 0 4 was warmed to 70°; when the soln. became 
bluish, it was cooled in an ice bath to stop further reaction 
and 50 ml. EtOH was added. The soln. was allowed to 
stand 1 hr. and the resulting crude product was collected and 



those o. , 

which in the Co hydrocarbonyl has been assigned to the H 
vibrations, also disappears. Felix Saunders 

— The interaction of ammonium and potassium hexabromo- 
osmate(IV) and liquid ammonia at 25°. II. Ammonia 
soluble products.' George W. Watt and Lauri Vaska (Univ, 
of Texas, Austin). J". Inorg. Sf Nuclear Chem. 6, 246-51; 
(1958); cf. CA. 52, 8819a, 12642A.— Reaction of K 2 0sBr 6 
• — aud li 1 nid NHa . at 7125°. Si yes ^-^-nitridolis-Wbromo-. 
repptd . twice from the cold soln . by addn . of EtOH . The m( 77)] bromide This was isolated a: 

filial ppt., which was washed with EtOH and Et 2 0 in turn, 3-hydmte and ^j^ ia ^iln^^ld^Mi^am^- 
yielded 7 g. VI. The starting materials, the same as for VI, m i um(ip}truodrie tnhydrate When (NH 4 ) 2 0sBr 6 t 
remained on a water bath until the color turned blue and_pamed by NH 4 Br is allowed to react similarly, hexaffl- 
finally violet; then 80 ml. EtOH was added and the soln. mmeo'smium(III) bromide is produced by reaction ot 
kept overnight in. a refrigerator. The violet ppt. was col- NH 4 Br and accompanying hexammineosmium(III) bexa^ 
lected, dissolved in small amt. of cold H 2 0, and the com- bromo6smate(III). Jack J. Bullofi 

plex was twice repptd. by addn. of EtOH. After the . The properties of calcium silicate hydrates. T. M 
product was washed with EtOH and Et 2 0, it yielded 7 g. * Berkovich, D. M. Kheiker, O. I. Gracheva, L. S. Zevin 
VII Powd (NH 4 ) 2 C 2 0 4 (5 g.) and 30 ml. coned. NH,OH and N. I. Kupreeva. Doklady Akad. Nauk S.S.S.R. 120 
were added to I, 2 g. NH 4 C1 was added, and the mixt. was 853-6(1958).— Ca silicate hydrates C^H, (C = CaO 
warmed at 80° until the soln. became pink. The soln. was S = Si0 2 , and H = H 2 0) were synthesized. X-ray powd 
cooled, 10 ml. EtOH was added to ppt. all other salts diagrams, electron micrographs, thermobalance, differen 



